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® A soldering method. 



® A method Is decribed for attaching ciruit ciiips to 
a flexible substrate (laminate) using controlled cfiip 
"collapse connection technology (C-4). The substrate 
is "tinned" with an alloy of eutectic composition in 
its contact region with the solder bails on the base of 
the chip. The alloy and the solder are chosen such 
that they are miscible. The system temperature is 
raised above the alloy melting point thus causing the 
alloy and the solder to mix. the mixture composition 
moving away from the eutectic composition with 



time and thus raising its melting point. Eventually the 
mixture melting point is higher than the temperature 
at which the system is maintained and the mixture 
solidifies to form a contact. In this way contact 
between the chip and the flexible substrate can be 
effected at a temperature below the melting point of 
the pure solder and lower than one which would 
result in degradation of the laminate adhesive. 
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A SOLDERING METHOD 



The present invention relates to a method of 
soldering and is of particular relevance to directiy 
attaching circuit chips to flexible circuitized sub- 
strates. 

Controlled collapse chip connections {C-4) sol- 
dering technology (otherwise known as controlled 
collapse bonding, CCB, or flip-chip bonding) has 
been successfully employed for several years for 
direct attachment of circuit chips to ceramic sub- 
strates. As part of this technique, a chip is manu- 
factured with a well defined ball of solder on wet- 
table metal terminals on the underside of the chip. 
Attachment of this C-4 chip to a substrate is effec- 
ted via a matching "footprint" of solder wettable 
terminals on the substrate. The solder balls on the 
underside of the chip are placed on the terminals 
(or pads) and the solder system heated to cause 
solder reflow, which results in attachment between 
the chip and the substrate. The major advantage of 
this technology is that the well defined shape of the 
solder balls allows the controlled "collapse" of the 
chip onto the substrate, with the chip self aligning 
on reflow of the solder to the correct position on 
the substrate as defined by the pads. The C-4 
process is particularly popular as it reduces bond- 
ing costs while increasing reliability and productiv- 
ity over other bonding techniques. 

Ja 53-36312. Ja 62-117346 and IBM Technical 
Disclosure Bulletin Vol. 11 No. 1 1 pl528, describe 
modified systems wherein the solder balls on the 
base of the chip are coated with solder having a 
melting temperature lower than that of the solder 
balls. The system is heated to a temperature high- 
er than the "coating solder's" melting point, but 
lower than that of the ball solder, such as to effect 
a contact between the chip and a glass, ceramic or 
synthetic resin substrate. The collapse of the ball is 
"controlled" in that the solder bails on the base of 
the chip remain intact. 

Although a technique widely used for attaching 
chips to ceramic substrates, C-4 soldering is prob- 
lematic when used for attaching chips to flexible 
substrates or laminated circuit boards. Such sub- 
strates are constructed of layers of material held in 
contact by adhesive. The temperature necessary to 
cause reflow of the C-4 solder is greater than that 
which would char the adhesive and lead to the 
effective destruction of the substrate. The composi- 
tion of the C-4 solder cannot easily be changed to 
reduce the reflow temperature, as this modifies the 
surface tension properties of the solder and thus 
would necessitate major changes in the manufac- 
turing process for fomiing well defined balls of 
solder on the chip. Employing a C-4 composition 
with a lower melting point would also prevent tiie 



use of lower melting point solders later on in the 
manufacturing process (for example in a card to 
board packaging stage), without remelting of the 
chip C-4 connections. 

5 A major aim of the present invention has been 
to devise a metiiod of soldering wherein C-4 tech- 
nology can be employed for attaching chips to a 
flexible substrate without necessitating a change in 
the basic manufacturing techniques used to pro- 

10 duce either tiie chips or tiie substrate. This is 
achieved by "tinning" tiie pads on tiie substrate 
with an eutectic alloy. This alloy melts at a lower 
temperature than that which would cause degrada- 
tion of the adhesive and interacts with the C-4 

75 solder balls to decrease the reflow temperature to 
one which the adhesive in the flexible substrate 
can tolerate. 

U.S. Patent 4033503, describes a metiiod for 
attaching a fused-quartz mirror to a conductive 

20 metal substrate which includes the steps of tinning 
one surface of the mirror with a solder and ti}e 
substrate with an eutectic alloy. The system is 
heated to a temperature above the melting point of 
the alloy, but below that of the solder, the mirror Is 

25 positioned and tiie system then cooled to effect a 
contact. This prior art differs from tiie present in- 
vention in tiiat the major aim of tine work is to 
overcome the difficulties In joining two surfaces 
which have very different thermal expansions; inter- 

30 action between the solder and the alloy is not 
important. It Is the essence of the present invention 
that the mutual solubility of a solder and a molten 
alloy decreases tiie temperature at which attach- 
ment can be- effected; that is the composition on 

55 "one side" of a joint is changed as a result of 
material from the "other side" being dissolved in it. 

According to tiie present invention a soldering 
metiiod is claimed for attaching items by inter- 
action between a solder and an eutectic alloy, the 

40 alloy having a melting point below that of the 
solder. On heating to a temperature above the 
eutectic melting point the solder and the alloy are 
miscible. tiie effect being to progressively alter the 
composition of tiie material at the interface of the 

45 solder and eutectic alloy and thus raise the melting 
point of the molten mixture, until such a time as the 
melting point of tiie mixture is higher than the 
temperature at which tiie system is maintained, 
with the result tiiat the mixture solidifies. The de- 

50 gree of interaction between the solder and the alloy 
is governed by their original compositions and tiie 
overall temperature at which the system is main- 
tained. 

A preferred embodiment of the present inven- 
tion will now be described with the aid of tiie 
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accompanying drawings in which :- 

Rgure la. shows a plan view and Rgure lb a 
side view of a flexible circuit substrate (flex); 
Figure 2. is a side view of the laminated flex 
with a C-4 chip thereon; 5 
Rgure 3. shows the same view as in Rgure 2, 
but with athermode resting upon the chip; 
Rgure 4. illustrates a phase diagram for the 
lead-tin (Pb-Sn) system. 

In this specific example of the invention (see io 
Rgs 1 to 3) a C-4 chip (1) is to be attached to a 
Pyralux (Trademaric) substrate (2). Pyralux is a 
material typically used in the manufacture of flexi- 
ble, printed circuit boards and is composed of a 
base layer of polyimide (3), typically 0.002" thick. 75 
connected to a layer of copper foil (4) (approx. 
0.0015" thick) via a thin layer of adhesive (5) 
(usually 0.001"). The manufacturing process for 
this material Involves laminating the copper foil (4), 
on which the interconnection pattern (6) for the 20 
Circuit required wili eventually be etched, to the 
base material (3) with the adhesive (5) by applying 
pressure and heating the laminate to a temperature 
of approximately 180*C until the adhesive cures. 
The adhesive softens at around 125* C but would 25 
start to decompose at temperatures above 220* C. 

C-4 solder balls (7) (see Rgs. 2 and 3) typi- 
cally have compositions of between 3% tin/97% 
lead to 10% tin/90% lead and require reflow tem- 
peratures of at least 320 " C, and a peak of 360* C 30 
for a short time. Clearly these temperatures are far 
above those that would cause degradation of the 
laminate adhesive. 

To overcome this problem, prior to reflow. the 
Pyralux is "tinned" with 63% tin/37% lead alloy as 
(eutectic composition - E in Rg. 4) in the area 
where the solder balls (7) make contact (that is the 
chip "footprint" (8 in Rg. 1)). The chip (1) is then 
placed on the substrate (2), the solder balls (7) 
being aligned with the alloy pads (9). A thermode 40 
(10 in Rg. 3) can then be used to raise the tem- 
perature of the system to the melting point of the 
alloy (approx. 183*C), a temperature lower than 
that maximum temperature which the maximum 
laminate adhesive can tolerate. 45 

The phase diagram in Rgure 4. illustrates that 
as the melting point (E) of the eutectic alloy is 
aoproached, the pad alloy becomes molten while 
the ball solder (the composition of which lies within 
region A) remains solid. However, the ball solder is so 
readily soluble In the mblten alloy, there being a 
wide range of miscibility between the two (Rg. 4). 
As the chip temperature is increased by the ther- 
mode to above the eutectic melting point but below 
that which would degrade the adhesive in substrate 55 
(2) some of the solder ball material dissolves within 
the molten alloy, resulting in a progressive change 
In the composition of the molten mixture on the 
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pad. preferential solubility of one metal within the 
solder over another, results in an increase in the 
melting point of the material on the pad. as Initially 
it was of the eutectic composition, and therefore 
the melting point rises with time. Essentially the 
joint Is formed as the molten eutectic alloy on the 
pad (9) becomes "pasty" due to the dissolution of 
excess lead from the solder ball. 

The weight of the thermode (10) applies uni- 
form pressure to the chip (1), ensuring intimate 
contact of the C-4 bails (7) to the pads (9) on the 
substrate (2), As the composition of the molten 
mixture deviates from the eutectic composition, a 
melting point of the chip/ball/pad system is 
reached where the molten mixture solidifies, com- 
pleting the joint Each joint on the chip will undergo 
this process, the degree of collapse of the original 
ball and its melting point being limited by the 
temperature to which the chip is raised, and the 
relative amounts of tin and lead in both the alloy 
and the solder which are brought together to make 
the joint 

The preceding description has Illustrated a 
method of attaching 0-4 chips to commercially 
available, laminated material. Although this exam- 
ple has highlighted the use of the Lead-Tin (Pb-Sn) 
system, clearly the principles employed could be 
implemented for controlled collapse connections 
using alternative miscible solder-alloy composi- 
tions. A major advantage of the process described 
Is that standard C-4 technology can be used with- 
out the need to modify either the chip or the 
laminated substrate manufacturing process. A fur- 
ther benefit is that the collapse of the C-4 ball onto 
the laminate is "self-limiting" thus preventing the 
face of the chip ending up in contact with the 
laminate (an undesirable situation), while it is en- 
sured that all joints are made by the application of 
pressure to the back of the chip. 



Claims 

1 . A soldering method for attaching items by inter- 
action between a solder and an eutectic alloy, the 
alloy having a melting point below that of the 
solder, characterised in that on heating to a tem- 
perature above the eutectic melting point the sol- 
der and the alloy are miscible. the effect being to 
progressively alter the composition of the material 
at the interface of the solder and eutectic alloy and 
thus raise the melting point of the molten mixture, 
until such a time as the melting point of the mixture 
is higher than the temperature at which the system 
is maintained, with the result that the mixture solidi- 
fies, the degree of interaction between the solder 
and the alloy being governed by their original com- 
positions and the overall temperature at which the 
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system is maintained. 

2. A method as claimed In claim 1, In which the 

items to b© attached are a circuit chip, to which the 
solder is connected, and a flexible substrate 
"tinned" with the alloy; s 

3. A method as claimed in claim 1 or claim 2, 
wherein the solder is a mixture of tin and lead, the 
tin forming between 3 and 10% of the composition; 

4. A method as claimed in claim 1 or claim 2, 
wherein the tin-lead mixture of the eutectic alloy Is io 
chosen such that the eutectic alloy has a reflow 
temperature in the range from about 175-190* C. 

5. A method as claimed In any preceding claims, in 
which the eutectic alloy is composed of 63% tin 

and 37% lead; rs 

6. A method as claimed in claims 2 to 5, wherein 
the flexible substrate is Pyralux (Registered Trade- 
mark); 

7. A method as claimed in the preceding claims, 
where a thermode is used to heat the system; 20 

8. A method as claimed In any preceeding claims 
in which, simultaneously with the heating step, a 
uniform pressure Is applied at every point at which 
the solder and the eutectic alloy interface. 

9. A method as claimed in claim 8 in which the 25 
weight of the thermode acts to maintain the desired 
uniform pressure. 

10. A soldering method for direct attachment of 
electronic chips to a flexible circuitized substrate 
comprising the steps of: 30 
providing a solder on contacts of the chips; 

providing an eutectic alloy on contact pads on the 
flexible substrate; 

placing tiie chips at corresponding pads on the 
flexible circuitized substrate; as 
heating where tiie solder and tiie eutectic alloy 
interface for effecting eutectic bonding there- 
between. 
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FIG. la FIG. lb 
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